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Computational details:
Geometry optimizations were carried out with the Turbomole program package S2 , coupled to the PQS Baker optimizer S3 via the BOpt package S4 , at the spin unrestricted ri-DFT level using the BP86 functional S5 , the resolution-of-identity (ri) method S6 , and the def2-TZVP basis set S7 for the geometry optimizations. Energy profiles are shown below and all structure are conveniently added as separate .xyz and .pdb files.
Synthesis and characterization. (9,10-dihydroanthracene-1,8-diyl)bis(phenylphosphine oxide) (a)
To a solution of dichlorophenylphosphine (6.98 g, 5.29 mL, 39.0 mmol) in Et 2 O (150 mL) at 0 °C was added diethylamine (5.73 g, 8.08 mL, 78.38 mmol) dropwise under vigorous stirring. A white precipitate formed while the reaction mixture was allowed to warm up to room temperature and stirred for 16 hours. The reaction mixture was filtered, concentrated and N,N-(diethylamino)chlorophenylphosphine was obtained as a yellow oil, which was used immediately for follow-up synthesis due to its instability. N,N'-((9,9-dimethyl-9H-xanthene-4,5-diyl)bis(phenylphosphinediyl))bis(4-butylbenzenesulfonamide) (La)
Commercially available 4-butylbenzene-1-sulfonamide (1.30 g, 6.08 mmol) was dissolved in 10 mL of toluene and azeotropically dried. The compound was dissolved in THF (25 mL) and nBuLi (2.55 mL, 2.5 M in hexane, 6.36 mmol) was added dropwise at 0 °C, resulting in a white/grey slurry. Compound b (3.04 mmol) was dissolved in THF (30 mL) and slowly added to the slurry to give a clear yellow solution that was stirred at room temperature for 14 hours. The reaction mixture was concentrated and purified by column chromatograpy (SiO 2 , eluens toluene/ethyl acetate 9:1, deposited in CH 2 Cl 2 ). Fractions were combined and concentrated, stripping with Et 2 O (3×) yielded La as a white foam (0.9 g, 1.06 mmol, 35% yield). , 5.94; N, 3.30, found: C, 66.27; H, 5.99, N, 3.29 .
N,N'-((9,9-dimethyl-9H-xanthene-4,5-diyl)bis(phenylphosphinediyl))bis(4-trifluoromethylbenzenesulfonamide) (Lb)
Commercially available 4-(trifluoromethyl)benzenesulfonamide (0.459 g, 2.04 mmol) was dissolved in 4 mL of toluene and azeotropically dried. The compound was dissolved in THF (15 mL) and nBuLi (0.86 mL, 2.5 M in hexane, 2.14 mmol) was added dropwise at 0 °C, resulting in a white slurry. Compound b (1.02 mmol) was dissolved in THF (10 mL) and slowly added to the slurry to give a clear yellow solution that was stirred at room temperature for 16 hours. The reaction mixture was concentrated and purified by column chromatograpy (SiO 2 , eluens toluene/ethyl acetate 9:1, deposited in CH 2 Cl 2 ). Fractions were combined and concentrated, stripping with Et 2 O (3×) yielded Lb as a white foam (0.258 g, 0.3 mmol, 29% yield).
Compound Lb was obtained pure in its mesomeric form (RS/SR) and this species exists in two tautomeric forms Lb1, Lb2 and
Lb3 with a ratio of 1 : 1. 
N,N'-((9,9-dimethyl-9H-xanthene-4,5-diyl)bis(phenylphosphinediyl))bis(2,4,6-triisopropylbenzenesulfonamide) (Lc)
Commercially available 2,4,6-triisopropylbenzenesulfonamide (1.73 g, 6.10 mmol) was dissolved in 8 mL of toluene and azeotropically dried. The compound was dissolved in THF (25 mL) and nBuLi (2.56 mL, 2.5 M in hexane, 6.4 mmol) was added dropwise at 0 °C, resulting in a white slurry. Compound b (3.05 mmol) was dissolved in THF (20 mL) and slowly added to the slurry to give a clear yellow solution that was stirred at room temperature for 16 hours. The reaction mixture was concentrated and purified by column chromatograpy (SiO 2 , eluens toluene/ethyl acetate 100:2 to 100:6, deposited in CH 2 Cl 2 ).
Fractions were combined and concentrated, stripping with Complex 1a was stirred at room temperature in CH 2 Cl 2 (1 mL) for 30 hours, during which time a color change from orange to bright yellow, reaction mixture was concentrated. Complex 2a was formed quantitatively as a diastereomeric mixture. 
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Complex 2b
Complex 1b was stirred at room temperature in toluene (1 mL) for 40 hours at 70 °C, during which time a color change from orange to yellow, reaction mixture was concentrated. Complex 2b was formed quantitatively as a diastereomeric mixture. 
Complex 2c
Complex 1c was stirred at room temperature in CH 2 Cl 2 (1 mL) for 16 hours at room temperature, during which time a color change from orange to light yellow, reaction mixture was concentrated. Complex 2c was formed quantitatively as a diastereomeric mixture. The crystal appeared to cracked into two fragments and was consequently integrated with two orientation matrices using the Eval15 software [S8] . 50934 Reflections were measured on a Bruker Kappa ApexII diffractometer with sealed tube and Triumph monochromator (λ = 0.71073 Å)
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up to a resolution of (sin θ/λ) max = 0.65 Å -1 at a temperature of 150(2) K. Absorption correction and scaling based on multiple measured reflections was performed with TWINABS [S9] (0.59-0.75 correction range). 14853
Reflections were unique (R int = 0.018), of which 14073 were observed [I>2σ(I)]. The structure was solved with the program SHELXT [S10] and refined with SHELXL-2013 [S11] against F 2 of all reflections. Non-hydrogen atoms were Residual electron density between -1.14 and 3.46 e/Å 3 . Geometry calculations and checking for higher symmetry was performed with the PLATON program [S12] . -3498,93657 -454,299988 4I -3687,66088 4II -3687,62186 -336,519989 4III -3498,95775 4IV -3498,91508 -1369,430054 4IV' -3688,81986 -919,200012 5I -3687,67416 5II -3687,65150 5III -3687,61982 -230,509995 5IV -3498,93008 5V -3498,92683 -78,129997 6I -3687,66344 6II -3687,64222 6III -3687,63084 -163,179993 7I -3687,65060 7II -3687,62691 7III -3687,61419 -237,690020 7IV -3498,94369 8I -3687 Energy profiles of structures 5I and 6I Figure S6 . Potential energy surfaces (DFT, BP86, def2-TZVP) for dehydrogenation of formic acid by 5I and 6I (∆G ᴼ 298K in kcal mol -1 ).
Energy profile of structure 7I
Rearrangement of HCOOH in 7I to orient the substrate in the right position for direct hydride-transfer to yield structure 7II was found to be endergonic by 23.5 kcal mol -1 . The transition state (7III) of the direct hydride-transfer toward the dihydride structure 7IV was found to be significantly higher (29.9 kcal mol -1 ) than for the axial structures 5III and 6III. Similar to the transition states previously found (5III and 6III) hydrogen-bonding interactions were also observed in 7III. The release of H 2 has been described above, for complete energy profile of 7I see supporting information. Starting from complex 8I, rearrangement of HCOOH to enable direct hydride-transfer led to an unstable species and no transition state could be identified. 0  200  400  600  800  1000  1200  1400  1600  1800  2000  2200  2400  2600  2800  3000  3200  3400  3600 0  100  200  300  400  500  600  700  800  900  1000  1100  1200  1300  1400 
